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. . . omitted. . . 

[0041] (Embodiment 3) A description will now be made on a 
5 method for manufacturing a semiconductor laser employing a 
compound semiconductor etching method of this embodiment with 
reference to Fig* 3. 

[0042] First of all, as shown in Fig. 3(a) , an n-type Ga 0 5 In 0 5 P 
buffer layer 25 of 0.3 pm in thickness, an n-type 

10 (Al 0 . 7 Ga 0 . 3 ) 0 . 5 In 0 . 5 P cladding layer 26 of 1.2 pm in thickness, an 
undoped (Al x G ai .J 0 . 5 In 0 . 5 P active layer 27 of 0.1 pm in thickness, 
a p-type (Al 0 . 7 Ga 0 . 3 ) 0 . 5 ln 0 . 5 P cladding layer 28 of 0.8 pm in 
thickness , a p-type Ga o . 5 In 0>5 P cap layer 29 of 0 . 1 pm in thickness 
and a p-type GaAs protection layer 30 of 0.3 pm in thickness 

15 are sequentially grown on an n-type GaAs substrate 24 by metal 
organic chemical vapor deposition (MOCVD) or molecular beam 
epitaxy (MBE) . 

[0043] Then, as shown in Fig. 3(b) , a striped S10 2 mask layer 
31 of 0.2 pm in thickness and 2.0 pm in width is formed on the 

20 p-type GaAs protection layer 30 by electron beam vapor 
deposition, photolithography and the like. After that, as 
shown in Fig. 3(c) , with the Si0 2 mask layer 31, the p-type GaAs 
protection layer 30, p-typie GalnP cap layer 29 and p-type 
AlGalnP cladding layer 28 are etched (at an etching rate of 

25 approximately 140 A/sec) with an etching solution of io °C 
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containing hydrobromic acid (containing 47 % HBr) . phosphoric 
acid (containing 85 to 87 % H.POJ and hydrogen peroxide water 
(containing 35 % H 2 0 2 ) at a volume ratio of 75 : 50 : 1. 
respectively. This causes a striped ridge waveguide 32 having 
5 a flat portion 28a of 0 . 4 um in thickness and a stripe portion 
28b of 3.0 urn in lower width to be formed on the p- type cladding 
layer 28. 

[0044] Then, as shown in Fig . 3(d). a side etching portion 
33 is formed in the p-type GaAs protection layer 30 with an 

10 etching solution of phosphoric acid system. Further . as shown 
in Fig. 3(e). an n-type Al 0 S In 0 5 P current confinement layer 34 
is formed by MOCVD or MBE . Then, as shown in Fig. 3(f), the 
SiO z mask layer 31 is removed with an etching solution of 
hydrofluoric acid system, and a p-type GaAs cap layer 3 5 is 

15 formed by MOCVD or MBE. After that, a p-type electrode and 
an n-type electrode (either not shown) are formed on the p-type 
GaAs cap layer 35 and on the lower surface of the n-type 
substrate 24, respectively. 

[0045] A semiconductor laser obtained by the manufacturing 
20 method of this embodiment has a two-step current confinement 
layer (blocking layer) structure. The n-type AllnP current 
confinement layer (blocking layer) 34 is formed with a smaller 
space than the striped ridge waveguide 32 and has side convex 
regions 34a parallel to both upper and lower surfaces of the 
25 p-type GaAs protection layer 30 being the uppermost compound 
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semiconductor crystal layer of the striped ridge waveguide 32. 
This removes unevenness in a p-type GaAs cap layer 90 shown 
in Fig. 8. thereby forming the p-type GaAS cap layer 35 with 
a flat surface. 

5 [0046] The semiconductor laser device manufactured by such 
a method has its threshold current being approximately 40 mA, 
and is subjected to stable self -sustained pulsation from around 
20 mW to around 10 mW, which Indicates that a semiconductor 
laser device with higher performance is achieved. 
10 10047] (Embodiment 4) A description will now be made on a 
method for manufacturing a semiconductor laser employing a 
compound semiconductor etching method of this embodiment with 
reference to Fig. 4. 

[0048] First of all. as shown in Fig. 4(a) , an n-type Ga 0 . 5 In 0 5 P 
15 buffer layer 37 of 0.3 um in thickness, an n-type 
(Al 0 . 7 Ga 0 3 ) 0 . 5 In 0 . 5 P cladding layer 38 of 1.2 um in thickness, an 
undoped (Al x G ai . x ) 0 . s In 0 . 5 P active layer 39 of 0.1 um in thickness, 
a p-type ( Al 0 .,Ga 0 . 3 ) 0 . 5 m 0 . 5 P cladding layer 40 of 0.6 um in 
thickness , a p-type Ga 0 . s In 0 . 5 P cap layer 41 of 0 . 1 um in thickness 
20 and a p-type GaAs protection layer 42 of 0.3 urn in thickness 
are sequentially grown on an n-type GaAs substrate 3 6 by metal 
organic chemical vapor deposition (MOCVD) or molecular beam 
epitaxy (MBE) . 

[00491 Then, as shown in Fig. 4(b). a striped SiO, mask layer 
25 43 of 0.2 um in thickness and 3.0 um in width is formed on the 
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p-type GaAs protection layer 42 by electron beam vapor 
deposition and photolithography. After that, as shown in Fig. 
4(c) , with the mask layer 43, the p-type GaAs protection layer 
42, p-type GalnP cap layer 41 and p-type AlGalnP cladding layer 
5 40 are etched (at an etching rate of approximately 50 A/sec) 
with an etching solution of 30 °C containing hydrobromic acid 

(containing 47 % HBr) , hydrogen peroxide water (containing 35 % 
H 2 0 2 ) and water at a volume ratio of 1 : 1 : 30, respectively. 

This causes a striped ridge waveguide 44 having a flat portion 
10 40a of 0.4 pm in thickness and a stripe portion 40b of 3.0 pin 

in lower width to be formed on the p-type AlGalnP cladding layer 

40. 

[0050] Then, as shown in Fig. 4(b) , the p-type GaAs protection 
layer 42 is subjected to side etching 45 with an etching solution 

15 of phosphoric acid system. After that, an n-type GaAs current 
confinement layer 46 is formed by MOCVD or MBE, as shown in 
Fig. 4(e). Then, as shown in Fig. 4(f), the Si0 2 mask layer 
43 is removed by an etching solution of hydrofluoric acid system 
to form a p-type GaAs cap layer 4 7 by MOCVD or MBE. A p-type 

20 electrode and an n-type electrode (either not shown) are 
thereafter formed on the p-type GaAs cap layer 4 7 and on the 
lower surface of the n-type substrate 36. 

[0051] The semiconductor laser achieved by the manufacturing 
method of this embodiment has a two-step current confinement 
25 layer (a blocking layer) structure. The n-type AllnP current 
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confinement layer (blocking layer) 46 is formed with a smaller 
space than the striped ridge waveguide 44 and has side convex 
regions 46a parallel to both upper and lower surfaces of the 
p-type GaAs protection layer 42 being the uppermost compound 
semiconductor crystal layer of the striped ridge waveguide 44. 
This removes unevenness in a p-type GaAs cap layer 90 shown 
ln Flg . 8r thereby forming the p-type GaAs cap layer 47 with 
a flat surface. 

[0052] The semiconductor laser device manufactured by such 
a method has its threshold current being approximately 40 mA 
and has stable self -sustained pulsation characteristics from 
around 2 mA to around 10 mA. which indicates that the 
semiconductor laser with higher performance is achieved. 

. . . omitted. . . 



15 
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f ft^ft£> gftCc* fc>i*T y»»ES*sfJW £ 

[0 0 2 6] £/c, «*ffc^»¥8WM6A (ttAB) R 

^-eti^cDajB^x^^vy-r^a^ctetsT, wix 
^-r^«^, *fb*3R»iaa^b7k«***tta^«, 

ftt>«IHb7k5RMi y >Mia«Mb*3R7jc*dto«^ 
*, StCitt*ffc7k»Mi*BliaK{b*3R***tP«^' 

l>x >^>^«r?f i^Dl^r^^o 
[0 0 2 7]fU, C^WOft^^WftSR^R 

[0 02 8] C(D*W©*3WtU--!fW, 
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[0 0 2'9 ] 

[0 03 0 ] *»JtC. HI (a) tOr:t\fcMt, n^G 
aAsSfilltC HfO. 3 Mni^nSGa,^ In 
D . $ PA'77rB2, IBffl. 2 /m©nS (A l 0 .r 
Ga fl! ) .., In,., P^7-;K13, H«0. 1 u 
m©r>F-7'(Al, Ga t ., ) 0 ., I n 0 . , Pf£t£ 
R§4, HJgO. 8 umCOp^ (A 1 0.7 Ga 0 .3 ) 0 .s 

In,., Pi?79FB5. 11/10. Um^pSGa 
o. s In.., P + tJ^BB, JiCWfO. 3um©P 
IGaAs ffltm 7 &#»£«StfB«fiffi ( MO C V D 20 
m Xtt^^xfc'**^*^ (MBES) KJ:9a 

[0 0 3 1 ] ^K. H 1 (b) KItSTJ^CC. pSffiR 
J17±tCX >f ^«©1W0 - 2/zm, *B2. Onm 

v^7 7R«59*c±o-CJI5«L/c«, HI (c) cc^-r 
Jz^w:, 77^18^l/tpaGaAsSBBB7 t p 
§2JG alnPtt? 6. pSA 1 Ga I nP^?!» 
F»5*«fltl O'COJWfc*** (HBr*i47%^ 
*) : PO, ^8 5-8 7%^) : 30 

fb7k£* (H, O, ^3 5%M) = 7 5:5 0:1 

-F«*Jl40A/80 Or. pii^77 FJB5CCJM 
0. 4um©¥tt»5 aStWI3 um©X F^-f ^95 5 

[0 0 3 2 ] HI ( b ) lC9fk'$'± b CC. ^ 

1 04MOCVD 

SXtJMBEmOMl/cfi HI (e) <<c™?£ 

HipSGaAs + t^Bl 2^MOCVDffiXiiMB 40 
EffiCCj: 0JI5SEU/c«. pSaGaAs+^y^JBl 2± 

so* n ss=e i Tffitc -en-en p sms&v n ^®f§ 

[0 0 3 3] C^iW^^WJ:^, SiOa 7 
. ^^@8^l/cpIGa AsSif@7. pSGaln 
P+t^7'®6, pgAlGa I nP^77KB5<DA 

s*. i [elcox y ^> ^xiirx h ^ Y y'i£ u ^ s?aifiB 

W£tUl>tc&. nSSGa A s«8fc»*JB 1 OtOfiJEft 50 
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j&sy r^8iBB9(Dft±Bt?*4paGa I nP^+ * 

^IB6©ifflift6 a^^^x^JlSoflJifflfcfflorflcfi-r 
^^■ffc^*«#JB©W«*€>*©iS«tt:fel>r 

B§a±^fS]tc^$n/c^<^i^^ 0 ^eor. 
ffir*ntf. »f3fe©j2:**oft«iffli«r, ^x^ss© 
1>--rX»(HiBifcj:orsa^f9C<b*«'C#, sat&icD 

[0034] i/c c©5IJ6©JB«©xti^>i/iB[cc*5 
^r »BWk*fR*a>iB£Jtrt****. Six^^U 

6±awfictscrttsecjHS-rsc<bAs*r*s*s t mm$) 

CC Wftf fc*3IW : «BMb*JR*# 5 0:1-3 0 0:1 
r*0, *ffc**»: 3 : 1-1 : 3t*^C 

[0 03 5] <3BS<OJBJB2 ) C ©g«S(D3B»CD{fc^«l 
^Wx y * > y^ffi *fc*a»» U - If CD^ii^ 

a*H2ocar?c>rKwrs. 

[0 03 6 ] fttttC 132 (a ) tCm-rJr^tC, nMG 
aAsS«13'±CC. IW*0. 3 /i m^n^Ga 0 . , I 
n 0 . s P^y7Tll4. Mm 1 . 2 iim©nS (A 1 
o,7Ga 0 .3 > a.i I n D .i P^77 FJ11 5, Hi¥ 
0. 1 /im©7> K — :7*<D (AUGat..).., In 

• ., PrSttJBie, mmo. 6um©pS(Ai 0 . 7 g 

a^.Jo., I n 0 . i P^77F@17, f§J¥0. 1 tx 
mOp§?Ga 0 . s In,., P * f -7 ^© 1 8 . Rzmm 
0 . 3 12tti(DpMG a A s {£3Jg 1 9 
g& (MOCVDft) Xttfl^xfJi + i/wVS (M 

[0 0 3 7 ] ^CCC, H2 (b) frC^T J: ^ CC, pfGa 
A sfiSBIJB 1 9JitCX F^^^«<OJB»0. 2am. *I 
3. Oum^SiO, v^^Ji2 O^^t'-A^ft 

(c) CCtS-TJ:^^, 7^^I2 0^/rUpl!GaA 
s«S»19. pIGaInP^t77ll8 4 p^A 
lGalnP^77K117 ^^^3 0 *C<Dmt7\<mM 
(HBr^4 7%M) : iSM^b*** (H, O f #3 
5%£¥T> : 7K= 1 : 1 : 3 0 (*QJ:b) ©X7f>^ 
j$tx-^>y (x7f>^U-FttW50A/#) O 
r. pgAlGa I nP^7^ FBI 7(cBI0. 4m 
m<9^±fig& 1 7 a SVTW 3 a mCDX F 5 A ^*8P 1 

[0 0 3 8 ] 02(b) &C7^-i-J:^«C % S i O 

t ~?X$m2 0$:im,X, nSGaA s*8Si**Ja2 2 
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^MOCVDffiXttMBEffiCciOJUfiEO/cfA. M2 
(e) tCnk*£5lC % 0&7 ?®*x?^> 

^?#-Cfi&£U pfflGaAs*t^l23*M 
OCVDfeXttMBES6cJ:OJBfiStA:«. pIGaA 
s^tv7l23 ±S»n 1 3 TMtC-eti^n p 

[003 9 ] CCDIMS«3!)>6»3^4J:^«c, SiO, 7 
.X^20^UcpIGaAsgg®19, piGa 
InP^t^'il8, pSAlGaInP^7 9Fl 
1 7<0*{b**M: iftBMb*** : *tCJ:5x^^>^ 

rw, i@<dx?*>^x«-c;* h7^f ^tay ^s^stt 

*U 4 0#-2 0 0#*Ctix>>^>^5^0. 6/i 
mi— SKfc^GHcfctO-C. t^Y Fi-;f>^ittl . 

[0 04 0] tr*>\ x^^>yjS©s^J;b^iSfl[«BW 
CCCe^rfiEXtCjBSt-rSCi^T***, JSfflftlfcli^ 
ffcMWl : «BHb***# 1 : i-100 ; 
ffcMfW: zfctfl : 1 -1 : 5 0 ijMH* L 

Sfc; iB««5-5 0*Gr**Ci*iJffSHr^ 

[004 1] (9BttCD}gJB3 ) COSI«6©»!B©<b^«l 

3 «c»m >r ttiH-r * „ 

[0 04 2] «1W(C, 03 (a) CC^Jc^CC, nSG 
aAsH&24±K. H/»0. 3 umCDn SG a 0 . , I 
n D . s . 2 Mm(^nS (A 1 

o.>Gz B _ a )□., In 0 ! P£7^*> FJH2 6. JBi? 
0. 1 mn07>F-^0 (AU Ga t . x ) In 
o. 5 PffittJi2 7, mmo. 8/im©pS(AK. f G 
a 0 .j ) ,.» In.., P^7? F12 8, 1 /x 

m©PlGa fil In,., P * + v 2 9 , Rt«B« 
0. 3umCDpaGaAs€%i|3 0«W«&IR«Hlfi 
(MOCVDffi) Ximixe$ti/t^ (M 

[0 04 3 ] 133 (b) tt^TJ;^^ piGa 

AsgSi3 0±&£* h 7^ 0. 2 Mm, 41 

2. 0(im©SiO, vx^||3 1 W^^IfS 

ac^^* b y v^^7ft8f«rjg«o/ca. ^3 ( C > 

tC^-f^Kl. SiO, ^^7®3 1^ltp^Ga 
As«a«3 0, pSGaInPtt'^129, pS 
AIGaInP^7 Fi2 8^igl O'COlUb** 
»(HBt*S4 7^#) :V>m<H 3 PO, ^8 5 
-8 7%M) riaMfbTk^* (H, 0 2 #35%S 
=75 : 5 0 : 1 (*«tb) ©x^>^x-; 

?>^(x^>^u-Hffii40A/#) or. p 

SSf v v KIB2 8«CJB«0. 4^raWaai2 8a^ 
T8MI#3. o um<DZ b^-f^2 8b^r^X h 
^ 4 7tR V v V>mm& 3 2 £^J&T£ 0 
[0 0 4 4 ] H3 (b ) fom-tii*>K. % p^G 
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aAs^gfJf 3 0tcy>K5Rx^^>^«"C1^^ Fx „ 
*>^SP3 3*»J&U Btc, 03 (e>(C5Vrj:5 
6C, nSAI Q . } In,., P*«Hfc»B3 4 *MOC V 
DffiXttMBEffiKJ;Q7&aET&. ;XtCS 3 (f ) (cift 
TJ;^ SiO, 7X^jB3 1*7vB«i-^>^ 
S'CRil/, pSGaAs*t?^135*MOCVD 
ffiXUMBEffirMl^l PlGaAstt^i 
3 5 ±Si>*nffl»R2 4TBB«c-€-*i*tipS««aufn 

10 [ 0 0 4 5 ] C O**fi<0»IB©«afc&ffir» 6*1 £*ag 

£.> ^lt, niA I I n PWfaWtm (^n i?m) 
3 4IJ, ^h^^^«y^^ ? »jSa»3 2J:0fe*C»*B-C 
»/«Sn4ii4>(c v X h^^tt'; 7^»jKB3 2© 
*±JBffc*&«J*»(«SaJ»r * -5 p^GaAs Kg® 3 
0(O±ffifcJ:crFffiCC^C5Hf tt-^-f KCj««3 4 a £ 

A s ^7*«9 0tc*jW4Iffli5©JBiiS*gp|»c ¥ig 
WiOpSGaA s * + ■> V/13 5tfiBf!Z2tlZ> 9 
20 [0 04 6 ]$/c, ^4^rtS-C*BSStl^:*»i*U- 

ifss-r-tt. j t<DmMmmmffi.i*$)4 o mAiar*^ 2 

mWlR*6 1 0mWgtt*-C3cSL/TBffl«S-r**> 

i*^-r. 

[0047] (^tkojBtt 4 ) c <Dmk<DTrm<D\t<&m 
ffi*Bi4cca-^*r8twrs. 

[0 0 4 8 ] mmc. B4 (a) «CtRTJ: *> nIG 
aA sli3 6±(C, VIVO. 3 um^nlGa,,., [ 
30 n 0 . s P^-;77i37, JUV 1 . 2 um<D nS (A 1 
0.7 Ga 0 . , ) 0 . , In,., P^7>> F138, MJW 
0. 1 (A I , Ga,., ) Q . f In 

o., Pi*ffil3 9, JRJV0. 6/im©pI (Al 9 ., G 
a ,.3 ) o.i In,., P^^7 h"@40, Ja/90. I m 
mCOp^Gao.i I n 0 . s P^-t- y 7*J1 4 1 , SO'lf 
0. 3«m<DDfflGaAsffiSJH4 2*««^R«ttBJ6S 
(MOCVDft) Xtt^J^FJBxf^+^ + ^ffi (M 

[0 04 9] 1^4 (b) K^TJr^frC. p^Ga 

40 AsffiKIB4 2_hCCXh-5>r^t<fOBJS0. 2 w m, ifg 
3. 0/imCDSiO, ?x ^Jl 4 3 - AmM& 

RV7* hW^7 7gi(CJ;0ML/c», H4 
( c ) CC7Kr«fc^(c. vx^JS43^Utp^GaA 
S^SIS4 2. pIGa I nP + tii 4 1 , piA 
I Ga I nP^7? K»4 0*ifitt3 0 'C©*fl:jfc3RH 
(HBr^4 7%^W) : ia®<t7kJR* (H 2 O a ^3 
5«S«) : 7K= 1 : 1 : 3 0 (ftfflib) 0Dx«^ 
$tx 7 ^>^ (i^>yi/-ht^5 0A/#) L 
pSA I Ga I n P 2 5 y KB4 0«C»J»0. 4m 
so m©¥fi8B4 0 a&C> # T8Ml#3. 0 mn<0>^ h -7 -r 7* 
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[0050] 04 (b) {C^-Tcfc^CC, p^G 

aA sfi?BJB4 2te»;>KSx »^>y«r*-r Fx* 
^>^4 5«r«l//cf4, 04 (e) «C7jrrj:5{t % nS 
Ga A s«8B»sp»4 6 4MOC VDffiXWMBEffiCC 
«fcOJ&fcU H4 (f) lC7ft-rJ:5CcS i O, ^ 

As + t ^IB4 7*MOCVDttXttMB EffiKJ:9 
JBsEUfcflL pSGa-Astt^»4 7±StfnSi 10 

[0 05 1] C(D3^(Z)«»D»JS^ffi-C96*iS¥i» 

^ ^It, nSAl InP«»IWIB(^D7^«) 

4 6«. X h^^^tty 7^K4 4<fc0 

«±«f t&mmmfcte&m-cih * p a g a a s $mm a 

WLfctOittS. CtiCCfcg, 08 tCT^L/cp^Ga 20 
As*+y7*JB9 0^fetf4mei<OJK^*gf|»L / , 

[005 2 ] ^36i4*ffir»JS3n/c*»(tU-tf*^ 
04$13&t, «ISH«*«*J»4 5mASffir*0. 2 m 
Alfl»6 1 OmAgS$t$tl/cgft^tt^ 

[0 0 5 3 ] (nm<D&1& 5 ) C ©*W<D«]»D{fc^ft 

ft*H5«cS-?t>rtt9!-i**. 30 
[0 054 ]fW(C, n§!fGaAsI^4 8±(c l a/? 
0. 3/imOnSGa,., I n ft . s P^c y v rJf4 9 , 
mmi. 2 umOnM (A 1,., Ga 9iJ ),., In 

P^7?F150, JS/30. 1 um<DT> 
(A l x Ga,., ) In^.PTittlSL II 
0. SymCOp^ (A l t . 7 Ga 0 , ) I n 0 . s p 
5? y K»5 2, /B/50. lam(DpiGa t . 5 In 
D .s Ptt7^153, ii^O. 3ym(DpIGaAs 
«gJ15 5 (MOCV Dffi) X« 

fl^xt**i/ + ^ffi (MBEffi) ^J:0a*WJST 40 

[0 0 5 5]*fC, P§*GaA sSstJIS SJiK* 
^^©JHIJO. 2 urn. W3. 0um©SiO, 7^ 

^B5.4**?tr-A3!»ffiaiyf7* h';y^7»» 
CC<tor®fltUfc«. S i O, v^^i5 44^Ut, 
HA 3 0 "C©*ft*#K ( H B r #4 7 : 
ft*** (H, O, #3 5%d*T) : 7K= 5 : 1 : 2 0 
0 Omit) ©i7f>yi«t'X^>^ (x?*>d/ 
u-Hi»3 0A/») <Hf5 cite J: oT. p^Ga 
A s fiSJB 5 5 /cW*Jj«RWSc j. ^ ?T**3*lS. 50 
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[0 05 6 ] ±ff2c0^^h*^K : j§Btfb*«* : *^x 
v ?k : JI{t*jft»Z>iB£tt*J 1:40 

aT"CfioJWb**H* : jftBMbfc**©iB6Jt^5 : 1 
«T©»^«. Ga A s«{fc6«*iK«Sfi**C^G 
a A s Sft^Jg^rtaigft fc» Utx^> ^f¥ffl*S 
I n PMt&&mfcteBi9>&Wt I n P#{t 

^ft**<*isawiBttcc*ror «x * ^>^ffltsa 

[0 05 7 ] 6 ) C(D**(DJBflW>{k^ft 

*»»<d x * > vjim^m i > u - tf 

[0 0 5 8 ] nMGa A sgfi5 6±CC nfiGa,,, 
In,., P/S5 7. (A I 0 . 7 Ga 0 .; ) 0 . s In 
a., PI58, r>K-^ (A I, Ga,., ) D . , In 
...P«5 9, p§¥ ( A 1 Ga # . a ) ... J n 0 . s 
PJSBO, nSGaAs!61, plGaAslS62^ 

mm&mmm&& (mocvd© x«»«xt^ 

GaAsi62R, ? * h »; V ^ ? ttfiMftC «fc T 

[0 05 9]^«C, ^$r->6 3£t>GT, p^GaA 
s!62^6nIGaAsIS5 6 CC^£ $T>£ri&g3 
0'C<O*ffc*3R» (HBrA«4 7^*) :ii(HC 
I#3 5W£W) : V >M ( H j P0 4 #85-87% 

: «M^t*jR* (H,O f #3 5%$W> =7 
5:5 0:5 0:1 (fttRtt) Ox ? ^> ^itx y ^ 

x-,*>yj*6 4*JBjffiLTJR^»«4tf 9. 

[0 0 6 0] ccr. *Mii;>M4aA'i--scfc. 

[0 06 1] JJBi y ^>y*©a^tt^»fltt«©a 

*^fc**M : «K{fc*3R*3&i5 0 : 1 -1 5 0 : 1« 
0^{b*^K : Ja© : >; 1:2:2-4:1:1 
■C*5C4XIfittl 0^5 0"Cr*SCi*sjff*L/ 

[0062] (**©3B)B 7 ) c (D^mmmmt^m 

[0 06 3 ] itC^Utt^l^ m^n^GaA 
sS^iiCC, n§GaAs^-;77i 4 n^AI 0 ., s G 
a 0 . ss A s K« % 7>F-^AI M4 Ga,.„A 

siSttJH. pfiAU. 4l Ga B . li A'si'77FI, pi 
GaAsn>^^ hl^l^CMOCV D^X^MB E*S 

[0 06 4] bWStC, vx?/S£->£?>LTi&g 
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1 0 *C©*<fc7kjRK (HB r^4 7 : *J 

(H, P0 4 ^8 5-8 7%^W) :fclMb!k*#(H 
, G 2 #3 = 7 5:5 0: 1 (ttStfc) (£x 

^>y*t?paGaAs 3>£# h»*>€> pSAIG 
aAsf.7 * KB©— 8WCM4*-C*x* (x v 

*>>fu- V\m\0 0A/#) 

(0 0 6 5 ] (H*©«S88 ) C<D|»6©^J»Dft^* 

CO 0 6 6 ] BfcC«7Sl/Tt»fct>#, WU*. nMGa 
A s St£±t£M0 C V DSXi^M B E titc Z 

nSei^7* h U^X K^£->*/fl/TifflK3 O'C 
©IMbkSRK (HB r#4 :>;>K(H, P 

O, ^8 5-8 7%^) : j§I8{bJ<i?t7fc (H, O, # 
3 5%^W) - 7 5:50:1 (ftfltJt) ©i^>^ 
«rxv^>^ (x 7 f>^- H*to3 0 0A/#) 

[006 7] 9 ) c commconmcDit^ 

[0 06 8] BK&*7nLTt>ttC*jW, Wt« I n PS® 

7%2tff) : (H, P0 4 ^8 5-8 7%^ 

W) riMWbMK* <H a O, j&*3 5%SW) = 7 5 : 
50: 1 (fcfllJrfc) ©i?^>^«t?x^>y 

[0 0 6 9 ] 1 0) C©28to©JKBCMfc£ 

CO 0 7 0 ] HCca^O-Cl^i*^ m^n^GaA 
site. nIGaAs^7 7rf t nMAl 0 . 1s G 
a ff . s .As^-; Kl, 7>F-7'A l 0iH Ga D . M A 
sffittJB, pHAl,.uGa 0 .nAs^7yFi, 
GaAs3>^^ hJB*JB^MOC VDSXttMBES 

&Bfc: #r^<DS i O i -7^^A^->^^t.5 B 
[0 07 l] 0*»£f£frc, vx^^5?->^L,-ciaK 
3 0' C©*{k;k*tt (HB r*S4 7«#*T) : jflltffc 
**7k (HjOi^3 5%^W) - 7 5 : l (ftSItt) © 

x^>i/frx^>y (x „ ^>>/u~_ httjfoi o 
0 0 A/U?) t5Cit 4 PlGaAs^>^^M^ 
^>PiA l,.„Ga lllI As^7y FI*td!)x?f> 

*. 

[0 07 2 ] (gQteOJBSS 1 1 ) coy$m(Dfei&<Di\:<A i 
«!*«t*©x-y>>y*ffi*si^-3-s. 

[ 0 0 7 3 ] Bfctt5*UTC>ftl>as. Wit nfGa 
Aslto nlGa Bi5 In,. s Plg 4 ni(AI 
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». ? G a„ . a ) o . » I n.^Pf 7> (A I „Ga 

i- J .., I n 0iJ PJg, pS (A l„.,Ga 0 . 3 ) B . s I n 
• .iPJB. n^GaAsiS. p3!Ga A sJB^MOC V 
D &X M B E & tc J: 0 Jfc $ ti it V * y\ <D p 1! G a A 
S'8±{C 7 * F 'J V ^77«{|5f «ci o t, ^S©?* 

[0 07 4] LA^itc. 7* hU^FA^->^ 
LtDlGaAsIteIiir^@3 0' CCD^ft 
*«l(HBr*«47964t) : MMb***" ( H, O, 
10 #3 5%$W) : tttt (HC 1 #3 5%^t) = 7 5 : 
1:2. 5 (*»tt) Ox-^>^rx^>^ (x 
y^>yu-h»*5jl 00 0A/») tiCit. IRT 

[0 0 7 5 ] fcfc. jMbtofiS : V >« : *= 1 : 1 : 
30OX7 ^>^**ffl(r»r««ft$»*SW**iaK3 

0'C-Cx * ?>tf (x ?^U-h»ZnSe^ 

[0 07 7 ] 

&tc<fctxli, GaAs«fbdtt^«W«a (ISAM) . 

30 i n PMt&fy!mtoi&& (&&m) . z n s e ante 
***<*«a (*saj9> , i n a s&it&faztmmtsfk 

(*£HrJ§) . XW. ch6Yfc^ft*»ttittA (t$U) 
*6fi!cSa»ftcc, lB<Dxy^>^xe«cJ:orMai 

*rZ>C£lcJ:-?x. x^^>yaff©!HKB. x^^>y 

^tt^±-r £ c ± * 1 1<> 5a&***-r a. 

[HI] C(D^CD® l©l6((|CDJ|g«tca-5*a9*U- 

[132] c^o*2<0SI«©*S«:«4*»ftu- 

tfo*Bfixeia-c*4. 

(H3] C(D«?B©»3(D3a6<0}|5JSK:ffi5**(*u- 
50 ircr>stjtxgHr*4. 
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*1 nSGaAsIgiJ: 

2 nIGaInP^^ T jg 

3 nSA IGalnP^v * h'JM 

4 7>F-7'AlGaInPgttl 
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